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ABSTRACT 


The problem of this study ia to recomend a production con- 
trol procedure for possible ue in various Nieval “hore Letabl lehaata, 

Tae dete upes wich the rescunented procedure 16 based tas 
gathered from the Production Control Division, Naval Ordnance Plant, 
Indianepolis, Indianne The fumetions of the recomended production 
@entrel procedure were drawn from the texte listed in the Bibl icgraphy. 

With the exeeption of the sajor changes in the production 
eontrel procedure nevessitated by « variation in the type of manufac- 
ture, the production control prosedure used by the Neval Ordnance Plant, 
Indianepolis, Indlana, way be adapted for use in verious Naval Shore 
Beteblighwents, The recomended production control procedure includes 
the functions of material control, routing, scheduling, dlspatehing, 
end the deteralnation of sehen requirenentée 
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A PRODUCTIGN CONTROL PROCEIORE FOR POSTIBLE USE IM NAVAL SHCas 
ESTABLISHMINTS BASED UPON A STUDY OF THE PHCOUGTION CONTROL 
DIVISION aT THE WAVAL ORDNANCE PLANT DIDIARAPOLIS 


DITRCDUCTION 

The problems that arise in the Production Control Division of 
A Naval Shore Establishment may be different, in many cases, from those 
that cecur in the Production Control Division of civilian industrial 
plants, It ia with these possible differenoes in mind that thie study 
was undertaken, It is felt thet there iu « definite need for such a 
stuiy in order to help the military establishments keep abreast of the 
latest developments in production control and in the management field. 
Another aspeot of such a study is that it may help to bring about fur~ 


ther economy which is mandatory on the part of the militery in peace 
time, Another and by no means less iaportent espect of sugh a study is 
thet it may provide ae functional structure upon whieh an existing Pro- 
@uetion Control Division could be reorganized, or shich sould be used 
in the expeneaion progres during a nationel emrgency. 

Previously socomplished work which is releted to the problem 
was done by Lieutenant Colonel Robert ¥. Breaka, U.e%Ac, in his thesis, 
"An Appraisel of the Production Jontrol Hetheds Used at Government ar 
senels,” June, 1947, This thesis deelt primarily with the production 
eontrol methods applicable to chomiecel] manufecturing processes, 

The mejority of the information upon which the present study 
is based was obtained at the Naval Orinance Plent, Indianapolis, Indiana, 
which is sometines abbreviated in this paper es NUFI, The information 
was obtained by means of conferences with each responsible individuel 


in the Production Control Division. Theses conferences resulted in the 
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obtaining of forms end charts pertsining to a particular walt along 
with sufficient information ebout the functions of thet unit to deseribe 
in general the unit's responsibilities and ite place in the organizs- 
tionsl structure of the production control division, Uslng this infor 


f motion as « basie for investigation, this study wan somplled by con- 

sidering the prime functions cf each unit end how these functions would 

apply to the probleme of the production contre] divisions of various 

‘Naval Shore tstabi ishments. 

) Production Control may be defined es the mental and physical 

techniques applied in such ¢ wy that the right quantity and quality of 

| @ produst will be produced at the right time by the best and cheapest 
methods, This definition appears widely in the literature on the sub- 
ject of produstion control; ite interpretation, however, has extremely 
broed scope. Based upon the collective opizicn ox preased in the first 
six texts in the Bibliography, the major emphasis placed on the inter 
pretation of the definition of production control Includes the functions 
of (1) material control, (2) routing, (3) scheduling, (4) dispatching, 
and (5) labor requirements, 
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THR NaVAL ORDNANCE PLANT, INDIAWAPOLIG, INDIANA 


The History, Organization, and Physiesl Properties of the 
Ue. Se Naval Ordnance Plant, Indianapolis, Indiana 


This plant was designed, constructed, and staffed by a civilian 
engineering company during World war Il fer the purpose of mam feetur+ 
ing the Norden bombsight and releted equipment, and aircraft lead-eomputing 
gunsight syetens; some sixty thousend fire control tnetwenente Were mafiu} 
fectured during Yorld Wer Il. 

Late in 1945, the plant wae ‘token ever by the Havy, It is new 
being run under the sogniganee of the Bureau of Urdnanee, Navy Departaent. 
As a Ravel Ghore Esteblishnent, the plant hae the following functiens: 


(1) research in, and enginoering development of, aviation 
fire control equipment; 

(8) the manufacture of that equipment; 

(3) the menufscture of line meintenanee ateres; 

(4) the overhaul, modification, and scdernization of fire 
eonstrol inetrusents, including redear attachments and 
their accessoriea. 

The present staff of the plunt consiats of the original em- 
ployees who were inducted into the Civil Service system et the time of 
Conversion to naval control. Assigned to the plent ere 1) naval officers 
ang 5 enlisted men, and 1 Marine officer end 40 enlisted men, These of- 
ficere and men serve in the following eapecities ot the plent: a6 Gone 
nanding Officer and Executive Officer, end in the Budget Office, the 
Seourlty Division, the Sefety Uffice, the Communications Office, the 


Supply snd Fiscel Department, and the Medical Department, 
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Organized under the direction of the Gomsanding Officer with 
the eseigtenece of the Pxecutive Officer, the plast hes nine departments. 
These departments are divided into divisions composed of sections, which 
are in turn subdivided into uaite, A structural orgenizetion chart of 
the plant at the divislonal level appears in Figure l, 

Loegated in northeastern Indianapolis, Indiana, the plant oc- 
Cupies some one-hundred-sixty acres of lend. Its mein structure, the 
menufeeturing building, is nine-hundred-twenty feet long and five+ 
hundved-sizty feet wide, covering eleven and « half seven of floor space, 
The plant feellities are of the sost modern type, including an air~ 
eonditioning system affording constant temperature and ccntrolled hu- 
midity, with six complete changes of inside alr cleared through an cles- 
trostatic filter in one hour. Heat is supplied by two oll-burning steam 
bellers, The lighting systea employs both direct ond indirect facili 
ties, and maintalus s one-hundred foot candle intensity at the work ste- 
tions, These modern Meollities afford to the plant's staff the maximum ia 
eomfort and ideal working conditions. 
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The Rature of the Product 

The product of the plantis aviation fire control systeas, 
enginesred and munufmetured to meet service perforsencte requirenenta 
and spesifications, The mathematical expressions for the solution of 
variow fire control situstions are mechusized to « fine degree of as- 
curacye Weeheniea! end @leetronia methods trensiate the theoretical 
principles inte useable systems. 

A ocmponent unit of a fire control system is, in reality, a 


precision instrawat,. The exactness in the manufacture of « wmit's 


individual parts fe comparable to that employed by the most acilled 
toolmakers in industry. 
There ig a great variety of products among the aviation fire 
control systems, Thus, the system which is inetalied in e fighter to 
emtrol the fire of ite guns is vastly different from that installed in 
a high-altitude bomber te control the dropping of ite bombs. The addi- 
tion of ecatrols for torpedoes, rockets, and simlaunshed guided als- 
elles further increases the dissimilarity between the fire control 
sy stems. 

The product of the plant is, therefore, preeision instruments 
possessing little wilfomity omong themselves. 
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The Problem of Production Control 

The plant is engaged im « combination of the job shop and in« 
termittent types of manufacture. This type of memufacture is charac~ 
terized by the production of special orders end of a great variety of 
products in limited quantities. Isa a your's tiae, the plant sey receive 
three-hundred special orders which will require the production of one~ 
hundred-thousand different items in sverage quentities of twenty-five 
units per ites, 

Some of the faetors whieh necessitate ao gomplex production 
control system arei 

1. Nwaber of ultimete parte in the product, 

2. Number of differeat operations on each part. 

3. Extent te which provesses are dependent, i.e, those 
which cannot be performed until previous operations 
have been completed, 

4. Variation in capacity of aschines for different clas 
aos of wrk, In meny industrica speed of mach ines 
varies according to the nature of the materiel being 
worked on. 

5S. Degras to which subassembly exists, 

Ge Degree to which customers’ orders with specific de} 
Livery dates occur, 1 

7. Receipt of orders for many small ilote, 

The fact thet the product, aviation fire control equipment, 
is comprised of precision instruments having large variety enong then-~ 
selves eccontuates the factors Listed above, 

The machine tools in the plant are of the general purpose 
type. Gn the whole, there is « surplus of machine toole, The special 
neture and complexity of the finished product necessitates the design 
ing of special teating equipment. Normally, available comercial test 


equipment ie modified to meet the plant's special needs, In some cases, 


1 alford, Le Pe, Banga, John R., Production Handbook 
Compa ny» New York, Re Leos 1944, PPpe 
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however, test equipment must be designed from basie fundamentals. 

The employees in the Machining and Asseably Divisions are 
skilled craftesen, Hach machinist is espable of opereting several typee 
of machine teole, The Assembly Division employees are, in many cases, 
qualified machine operetors; and the machinists, in turn, are capable of 
dcing assembly work. ‘Thus, when the plant ie cverlonded with machine 
tool work, the Aesexbly Division employees can be transferred te the 
Mashining Division, The control of sueh inter~divisten personnel is a 
function of the Produotion Control Diviston. | 

To sumerize, the nature of the product, the epseial equipment 
required in its manufacture, and the skilled staff of the plant present 
complex problems which must be solved by the Production Control Division, 
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The Production Gontrol Division - 


The Production Control Division, one of six divisions compriae 
ing the Industriel Department, soneists of three sections, the Planning, 
Methods, end Progress Sections, Sach of these is divided into various 
walts, The orgenization chart of the Industrisl Department, including 
the unit breskiown, appears ia Figure 2, 


The Production Control Division plone end directs the schedul- 
ing of production activities; provides materials, tools, and spesifie 


manufecturing inetructiona for the operating ahope; maintalne delly floor 
checks to eliminate delays and work stoppages; moves stores and disposes 
of all manufsetured items; is the source of ali data on production per 
formance, current and anticipeted plant productive lead, estimated pro- 
ductive and nomeproductive expenditures, current budget status of pro- 
duetive projects and the Industrial Department's ot Sen allosations; 
acte in an advisory capecity in the matter of eapleysment level and con- 
fera with the Engineering Department in the matter of product desig for 
economical menufectures | 

The responsibilities of the seetions of the Production Jontrel 
Division are es follows! 

The Planning Seotion is charged with the responsibility of 
both loag range and epecific project plenning and scheduling; the orier- 
ing of raw materials and purchased parte; the laswnece of shop order 
kits; the preparation of charts and graphs indieating production per-~ 
fomance trends, end other statistical production date; the compiletion 


and reporting cf productions costs te provide comparison between the 
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original ostimete and the sctunl expenditure; and the control of projeat 
expend tures. | 

The Methods Seetion is responsible for cost estioation for the 
proposed production work; the preparetion of detelled process routing 
sheets (operation sheets) for component parts, mub-assemblies, finished 
units, end the necessary time to perform such cperations; the ordering 
of all especial tools and gnges; the designing and ordering cf special 
teat equipment; conferring with the Engineering Department regarding 
changes of design which will facilitate production and lower costs; the 
receipt, recording, and distribution of engineering information to the 
Industriel Departments the advising of the Plant Layout Division regarde 
ing the placement of aachine tool equipment; and the reccemendstion of 
procurement of speciclized machine tool equipment sad secessories. 

The Progress Seotion 1s charged with the responsibility of dis- 
tributing the ahop order kits; insuring the completion of seheduled work 
on time; expediting the prognrement of raw meterials, toole, gages, and 
purshased parts; conferring with the various departments regeriing solue 
tions of production “bottleneoks;" reporting weekly the production sta- 
tue of projects; and the inter-divisionsl hendling of mterials, 
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The Hendling of e Proposal 

The Bureau of Crdnence, before slloesting funds er authorise 
ing e plant to begin work on a project, requires each plent interested 
in bidding on the work to submit an estimate cr propoesl es to the ex~ — 
peated delivery date of the first completed item and the approximate 
cost of the projeet. Generally in letter form, the Bureau's request 
for this estimate fa secompanied by rough prints and parts lists pertaln- 
ing so the produet, or by o worl description of the prodmet. 

This letter is received and processed by the Budget Office of 
the plant administration, The Proposal or Govt Astimaticn sid Sohedul- 
ing Form (blue), Figure 3, 1s origineted in that office and secompanies 
the prints to the Engineering Department, where they ore examined for 
the purpose of estineting an engineering release dnte, ‘This date is 
then entered on the propossl. 

From the Engineering Department the propogel ond attachaents 
then go to the Goat Betinating Unit of the Produetion Control Department, 
where all the remaining estimates, with the exception of the delivery 
schedule, are made, The Cost Setimating Unit flllie in the cost esti- 
mate golume of the propogal in terns of dollars cnly, The method used 
to arrive at these estimetes will be deseribed later in a section on 
thie unit. 

When the above cost estimation ia complete, the proposal is 
then returned to the Projeot Scheduling Unit, where on entinate is made 
ae to where in the wrk loed the project can be pleged, when delivery 
on the finished products can be expected, and in whet quantity they can 
be completed during each period until the project's termination. 


The proposal and ite accompanying papers are then returned to 
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the Budget Office for final review, issuance, and mubmiasion to the ap- 
plicable aetivi ty. | 
These estimations end information are presented in general 
form and are regarded ee a tentative commitment by the plant. They 
serve at a treed besis for plenning by the Sureau of Ordnance, for cost 
estimation and spproximate delivery schedules. 
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The Handling of a Firm datimate 
When the Buresu of Yrdnence has decided to authorize the plant 
to begin work on a projeet ead has allocated the neecessery funds, thie 


 guthority and allocation come to the plant in the form of « project ore 
dey number and an allotsent sunber, These are roveived by the Budget 


Offiee and are processed in the same manner «6 was the information per~ 
taining to a proposal, 

The Firm igtinste or the Cost Estimation and Seheduling Form 
(white), Figure 4, is originated by the Budget Office end differs fron 
the propogal only in solor and the amount of information thereon, ‘This 
form and current pertinent information, which may include sore detailed 
printe and, or parts lists, are forwarded to the Engineering Department. 
The Bugineoring Department proceeds as expeditiously aa possible with 
the work ef originating produetion engineering relesses without awalte 
ing « formil job order, This precludes delay of the engineering release 
beenuse of deley in iesuing « job order, If the fim estimate is ac~ 
companied by e word description only, the Ingineering Department develops 
the prints and parts lists. A revised engineering release date is made 
in greater detail than in the case of the proposal. 

The originated or revised prints snd parts lists are sent to 
the Methods Resoris Unit, who transmits ea sopy to the Material Control 
Unit. The Waterial Control Unit uses the information from the parts 
liste to determine whether the parts can be obteined from the Supply 
system or shether they will have to be procured in another manner, 

This information, together with the firm eatimate, ia then 
passed to the Jost Ugtimating Unit. Using the information furnished by 
Budget, Engineering, and Supply, and thelr own intemal work forms, the 
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| .U, S. RAVAL ORDNANCE PLANT — INDIANAPOLIS 
| . . COST ESTIMATION AND SCHEDULING FORM 
A PROJECT ORDER NO. 6081 8-Ord 5-30-50 ORIGINATING DATE. 20 Jan 1950 


CLASS OF ESTIMATE JOB ORDERNO. __—<GOSI8-757 
TASK: Mise. Items of Standerd Hardwere & Tools ___ REVISION DATE _ ? ee gant! 
or 400 Cycle Synchros__ Class*ication: 
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. “cost Batimeting Unit makes en aceumte estimate of the costs that will 
(be Aneurred in the process of manufacturing « complete projest. This 
—s«s« @etimate is made eas c remult of more zeticulous investigetion than was 
afforded the proposal. 

The Firm Ketimate is then returned to the Project Scheduling 
Unit for processing similar, with « few exceptions, to thet given the 
i q proposal. Ao well as estimating the delivery schedule, this wilt breaks 
down each cost figure into man-hours and loads the fim order by months, 
| Consideration is given to the total available men-hour capacity of the 
plant and te the already existing load when the loading of « new project 
ie undertakon, 

The completed Firm Zetimate is then returned to the Budget 
Office for finel review, iseasnce, end submission to the applicable 
aotivity. 

Ags Was noted in this disoussion, the estimates and information 
presented are the result of extended investigation and are considered a 
Gefinite commitment by the plent, aince they are specifie informetion 
pertaining to the Bureau's planning regarding ocets and soheduled de- 
livery dates, 

The firm Gost Eetimation and Seheduling Form for a project 
actuates the flow of wrk in the Production Gentrol Divielon. There is 
@ grest exchange of information between unite which, if included in a 
general flow diagram, would become confusing, defeating the diagraa'e 
@enerel purpose of giving an over~all picture of the work flow in the 
Production Control Division. Only the general pattern of the work flow 
is indioated end only the sore important forms sentioned in the deserip- 


tion of the functione of the various units. The following diegram shoes 
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The Project Seheduling Unit 

fhe Projeot Seheduling Unit plens the over-all plent sehedule, 
isoues the internal soheduling for the Produsticon Divisions, and compiles 
@ertain laportant production statisties which ald in formuleting tie 
plent’s labor requirements. 

The following forms are originated in the Project Sehedul ing 
Units The Internal Schedule Porn, shown in Figure 5, indicates the ree 
quired completion dates of a project. The informtion contained in thig 
“form is taken from the Cost Zetimation end Scheduling Form, and is dis 
tributed throughout the plant. Saeh division advises the Unit as 1+ com 
pletes ite portion of the project, thus furnishing the Unit with an age 
gurate record of the stetus of escn project, 

The Forecast of Froduetive Labor, Mgure 6, is « chart which 
diepleye the over-all plent production forecast in terme of man-hours, 
projected eighteen months ahead, The dete is divided into program num 
bere, and represents the load on the various departmente, The anin funce 
tion of this chart ie to determine the amount of new wore which can be 
undertake by the pleat in the nour future. The chart is sent te the 
Bureau of Vrdnance vie the plent edmini stretion, 

The Load and Performance Chart, shown In Pigure 7, represents 
the efficiency of the shop relative to the time estimates of the Sout 
Eetimating Unit, This chart serves as «an efficiency standard for the 
shop, showing the amount of work completed by the shop agninst the amount 
of work released to the ehop by the Production Gontrol Division, Sources 
of the chart’s information are the feekly Machine Loud Seport end the 
Piseal Labor Report. 

The Monthly Man Load Swosary is in the fora of a letter stating 
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the generel flow of work between the Units of the Production Control 


Division. 
General fork Flow Diagram 
Production Contrel Division 


Engineering Divisicn 


ethods Records Unit Project Scheduling Unit 


Vaterial Control Unit 


Processing Uni Unit 


Gest Control 
Unit 


The functions of the various unite ere described on the fole 


lowing pages. 
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ia Engineering Release 


Operation Due . Complete 


Pinal BD & BM's 
_ _@ake Routings 
. Make Kits 


|_Ass"y Row bate 
Aes'y Kits 

Rew Materials 
Purchased Parts 
Make Parts 


F 
| 
| Remarks: 

(1) If fer any reason your portien ef the above 


| schedule cannet be met, please notify the 
| undersigned inmediately. 


) (2) When your portion ef the above schedule is 
completed, please date, initial and return 
| this form to the undersigned. 


C. 0. McGaughey 
Project Scheduling Unit 
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Fig. 5 Internal Schedule 
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i the man-hours of machinery, assembly, and tooling completed in e month. 

| Based on the Forecast of Productive Labor, this summery recommends 
transfers of labor between divisions and the adjustment of the labor 
force to seet the production requirements of the immediate future. It 
aleo contains a brief sooount of the status of uli projects, a report 
on the important ceourrences {n and outside of the plant during the 
past month (such es s nations) goal strike), end their effect on the 
progress of the plant's verious projeste, This summery is used for ad- 
minietretive guidance. | 

The flow of information into the Unit, the form originated 

therein, and thelr desatinetion are ehown in the diagren below 
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The Methods Aecorde Unit 
The Methods Resorie Unit ie responsible for reaesipt, stowage, 
and distribution of Sngineering deta and for keeping the many files up 
to date, These files contain a varlety of items, such as job orders, 
blueprints, parte ists, proguction breakdow sheets, and many others. 


One of the other responsibilities of the Unit i» to act as « collecting 


ageney in making up the “folders” that are originated te laplement the 
product fon of a new part. It is obvious that it is necessary to have 
one means of keeping track of Just how each job ie progressing pertaine 
ing to the necessary preperstion of prints, routings, end euch other work 
that mst be completed prior to release of the job crder to the Shop 
Soheduling Unit. The Wethods Records Unit accomplishes these functions. 

Then a new part eppears on the Production Greakdown Sheet, oa 
folder conteining the necessary information on the part ie aede up and 
went to the Hechine Tool Processing Unit where the Process outing Sheet 
is made up on vellum psper, This accompanies the folder and ia then sent 
to the Cost Aetimating Unit vie the HethodsRecords Unit so that they are 
able to tell at all times just what progress ie being made on the 
*folder.* The Cost Betimating Unit fills in the operster end set-up 
times in the proper columns on the Process Routing Sheet, and the folder 
ie then returned to the Hethods Records Unit for reproduction and dise 
tribution of the Process Routing Sheet, The folder ie kept ic a current 
file as long os the gart is being produced in the plant, 

Items of different forma are received by the Unit, repreduced 
in the required number and distributed escording to the needs. For ine 


atence, Parts Lists are reproduced and sent to the following: 
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Process Routing Sheets are reproduced and sent to the following? 
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. The Material Control Vait 
The sterial Control Unit requisitions the raw asterials and 
purchased parts required for the plant's production, It is responsible 
for lnitiating the sorvening cf the supply system for available material, 
and for determining the eomponent parts and their quantity to be manu- 


factured in the plant. 
In the interest of an soonomical material cost, the Unit, ase 


sisted by the Supply Department, investigates the required rew materials 
eo" purchased parte to determine the materisls available in the exten 
sive supply aysten, For this purpose the Unit originates the Firm Ree 
quirement end Obligation of Materiel Form, Figure & ‘hen the required 
material is available, the Unit requisitions it through the Supply Depart- 
ment, the procuring agency for raw materials end purchased parts, 

The Production Breakdowns Shoet, Figure 9, ie issued by the 
Unit. This sheet contains information as te the qiantity of each cane 
ponent part of a project, determined by the Unit from the parte list, 
prints, and en Gatimeation of serap and losses, The Production Breakdown 
Sheet, the authorization to manufacture a specifics quantity of a come 
ponent part, is widely distributed throughout the Production Control 
Division. 

Also ismed by the Unit ie the Stub Requisition, Figure 10, 
for raw saterials and purchased parts. It ia the Valt's request for the 
Supply Department to procure the required raw material or purchased 
parts, elther from the supply system or from a gommereial concern. 

The following diagram shows the flow of information into the 
. Material Control Unit, the forms it originates, ond the information 


whieh leaves the Unit. 
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Fige 9 Production Breakdown Sheet 
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The Maehine fool Proeessing Unit 
The Zachine Tool Processing Unit originates the operet ion 
sheet for each aumponent part to be manufactured in the plant, and Lee 
sues requests for the designing and building of the special tools, jigs, 
fixtures, and geges required in the manufeoture of these eomponent 


parts. 


This unit performs the work normily assigned in industry to 
the Production Planning Department. The Process touting (or operation) 
Sneet, Figure 11, is one cf the moet importent records kept wy & monue 
facturing company, representing the “imowehow" In the manufacture of 
eomponent parts. It is formated from the Parte List, Production 
Breskdown, end Internal Sehedule received by the Unit, 

The Tool Design and Build Order Porm, Figure 12, is originated 
in the Unit from the information contained in the Parte List, the Pro- 
dusticn Breakdown, and the Process Routing Sheet. It outlines in gene 
eral terme the tools, jigs, fixtures, end gages whieh the Tooling Divie 
sion designs and builds for the aanufecture of the component partes, 

The following diagram shows the flow of information to the 
Machine Tool Prosesaing Unit, the mteriel originated in the Unit, and 
the next destination of that acterial. 
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Fige 11 Process Routing Sheet 
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The Assembly Processing Unit 
The assembly Processing Unit originates the assenbdly opera- 
tion sheet and issues orders for the toola, jiga, fixtures, gages, and 
test equipment required for the assembly process, 

The specialization of the plant's fine] product, aviation fire 


control equipment, requires a great amount of assembly work, Since the 
knowledge of instruzent assembly is highly techaiesl, the Unit aust pro- 
vide a detailed write-up of the assembly of 2 aviation fire control 
ayston. | 

The Assembly Process Routing Sheet, in form sisilar to Figure 
11, is originated in the Assembly Processing Unit. ‘xperience is the 
most important feetor in the writing of this sheet, which is constructed 
from the infornation eontained in the Parte List, the Prints, and the 
Proguction Breakdown Sheet, 

The Teol Design and Build Order Form, similar to Figure 12, is 
based on information from the Parts List, Prints, and Assembly Process 
Routing Sheet. The Assembly Process Routing Sheet also includes deteils 
of the required inspections; the Unit orders the spesial test equipment 
for these inspections, In some cases avalleble commercial equipment is 
modified for this purpose, while in others speeiel test equipment sust 
be desiged. 

Equipment gust be assembled in a definite sequence of opera- 
tions; the Ghop Scheduling Unit is furnished thie information in the 
form of a letter, the Letter of Asgembly Kit Sequences, which is « guide 
te the proper sequence of iseuing the Assembly Lit, 

The following diagres shows the flow of the more important ine 


formation inte the Unit, the asterial originated in the Unit, end the 
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2. Tool Design and Bulld Grder for asseabling 
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The Cost Sstimeting Unit 

The Gost Betinating Unit orlginstes «ns estimated eost of each 
‘projest undertaken by the plant, including the project's direct labor 
snd material costs. 

The component parts to be manufectured in the plant are esti« 
mated from information reeeived fram the Meterial Control Unit and other 
sources. The Cost Setimate York Sheet, Figure 15, ta used to compile 
“@ata and compute totel costs; this information ie transferred to the Cost 
Estimation and Seheduling Fors. | 

Probable operetions end the time required for each are estie 
mated by the Unit. The Mechine Tool Provessing Unit and the Asseubly 
Prosessing Unit assist in the estimation of the operations required for 
the manufacture of cach component part. Thie date le ontered on the 
Estimate Routing Sheet, Figure l4. 

The time in man-hours required for each operation, iacluding 
the machine tool seteup time is estimated from past experience by the 
Unite 

Ao an ald to the saintenence of an accurate estimate of labor 
time required for each operation, the Unit records the actuel time re~ 
quired et the completion of the job, With this information avaliable, 
the Unit is able to keep current the time eatimates in relation to the 
agtual cperation time, The estimated tines ere recorded on the Cost 
Batimate Work Sheet and the Process Routing Sheet. 

The Unit keep the Material Cost Card, Figure 15, for the pur 
pose of eatimsting the project's material cost. Information from the 
purchase orders, *hich contain the current cost of materiale, is trans- 


ferred to the Mstoriel Cost Card which furnishes an upetoedate record 
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COST ESTIMATE WORK SHEET 
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PARTS LIST NO. 


SHEETS 


SHEET 


TOTAL 
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of material costs for the Unit. 
The following diagram shows the flow of information into, 
threugh, and out ef the Cost Setimatiag Unit, 
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The Shop Scheduling Unit 
The Shop Seheduling Unit assigns to the Machining Division the 
manufaoture of the component parte and te the Aesembly Divisions the ase 
seubly ef these parte into completed items. The Unit asteneins © aie 
rent record of work load in menehours, which forme the beeia for the ade 


dition of new work to the shop. 

Figure 16 shows the Shep Order Kit, the shop’s authority to 
manufacture a component part on assembly, ‘This fors is complied from 
information contained in the Frovess Routing and roduetion Breakdown 
Sheets and the Internal Sehedule form, The required month date of the 
@omponent part's completion is given os the Shep order Fit, The shop is 
thus scheduled for work by sonthe in terms of man-hours, The Shep Order 
Eit consists of eight verl-colored ISM eards, oneh color having a epeci- 
fie usage. The yellow materiel identification oard is the easter card, 
aeccmpenying the shep order from raw mteorial to completed component 
part; the green card iw the mterisl requisition card, ete, 

The Weekly Meshine Load Swaaary, Figure 17, ia iseued by the 
Unit, It serves ac « mesnes of determining the relative operating effi- 
eieney of the various units of the *roduction Division, and is the basia 
for adding new work to the shop and adjusting potential man-hours of 
labor between the Production Divisions. This report eonteing informa 
tion on the number of man-hours relessed to and completed ty the shop, 
and the present amount of work svailable for the shop, 

The Unit lasues the Assembly Honthly Schedule which eatablishes 
the sequence of work to be accomplished by the Asseubly Division during 
@month, ‘Since there are seny unpredictable time-consuming varichles 


in the assembly of a highly eomplex instrument, the Assembly Division 
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fe not scheduled for work in terms of man-hours por sonth. The probable 
time required is available in a rough estimate, from which data the Ase 
sembly Sonthly Schedule lists the projects’ priorities and the required 
monthly delivery mtes of the aseembly units, Normily, the assembly 
Monthly Schedule overloads the Assembly Divisione in terme of aanehourg 
of assembly work. 

| The important forme received in, origineted by, and sent from 


the Unit appear below, 


Material Cont rol Yethods Records Projeet Scheduling 
Unit Unit Unit 

Production Progress Routing Internal Schedule 
Breakdown Sheet Form 


Shep Scheduling Unit 


1. Shop Order Kit 
23 Weekly Machine Load Susmery 
3. Assembly Monthly Sehedule 
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The Lxpediting Vait 
The Expediting Unit ie cherged with the responsibility of see- 
ing that the mterials for « shop order sre loested physically in the 
plent prior to sending the shep orders to the shop and that 011 shop 
eshedules are met, The Expediting Unit initiates suggestions for aube 
stitute materials, and criginates requests fer new work to replace the 
“pejects" on Job orders. | 

In order to prevent confusion in the shop, Shop Order kits 


axe not released for sanufacture until the aeceaseary raw aatertals for 
ss them have been reeeived in the plant, 

After reeoiving the Ghop Order Kit from the Bethod Sesords 
Unit, the Sxpediting Unit holds the kit until the Stub Requisition Ke- 
Seipt le received, ‘This receipt is issued by the Supply Department after 
the meterlal has been received. The Unit asintains e receris of all 
Shop Order Kite and the required ssteriel for each; it also askes a 
weekly check of sll kits being held up besause of « leek of saterials, 
A Dhemonthly record of 21) such heldeup kites iw sent to the head of the 
Production Jontrol Division. The Unit expedites tae procuring of mater 
fale through the Supply Department. In some oases, the Unit origina tos 
@ substitute material upon the approval of the *ethods Sestion or the 
Engineering Division, In other cases, such a suggestion for substitutes 
@omes from the shop or the Supply Department; the Unit is responaible 
for having these suggestions appreved by the Methods “eation or the 
Engineering Division, 

When parts are rejected by the Inspection Division and serapped 
by the Salvage Division, the information is recorded on the beck of the 


Master Card in the Shep Order Sit, After the Expediting Unit reseives 
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the Unster Card, 16 originates & “serep replecesent request.” This form 
is seat to the “ateriel Gontrol Unit, after wiieh 1% is handled in the 
same mamer as the original chop Order 41t, 
4& general work flow diegmum of the Bgpediting Unit te show in 
the chart below. 
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The Dlepateh ing Unit 
The Dispatehing Unit is responeible for the releasing of wrk 
to the ahep and assembly divisions in neeordence with the schedule. The 
Unit performs “trouble-shooting” activities te eoordinete the naterials, 
machine tools, and work for the Produstion Division, The resoris 
gharting the progress of the eavigned work ere kept by the Unit. The 
material handling problems of the plent are also a respeneibility of the 
Dispatehing Unit. 
The Shop Order Kit fe reesived from the Bxpediting Unit, and, 
1 with the exception of the Material Requisition Cari, the kit is placed 
in the appropriate pooket board. The pocket boerde are arranged by 
| ach ining ond Assembly Unite by months. The Shop Onier Kit is taken 
| from the pocket boord by the Reed of the Unit, who establishes the se- 
quenee of wrk in his wit, based upon the gompletion date on the Shop 
Gpder Kit. To start a new job, the operator obteins the Material Requi- 
aition Gard from the Dispatehing Unit, and drawn the required saterial. 
The Uslt assists in the aovement of materinls from the storercom to the 
workplace, The Unit tranafers the partially completed job to the next 
@echeduled Unit, and the Shop Order Kit to the appropriate pocket board 
of the next scheduled Unit, Thus, the lovation of the Shop Order Kit 
in the pocket board serves as a progress record of the job, The high 
pricrity Shop Order Kite ere designated by a special color code, and 
these jobs are given special expediting attention, 
The Dispatcher's File Card, Migure 18, is used to record pro- 
@ress of the shop orders and tool shortages, The Unit makes a daily 
floor check, gathering the deta on the cperatione on the jobs in pro- 


oess, This date is recoried a the Dispataher’s File Card, 
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The Tool Shortage Report, Figure 19, is a report to the fool 
Division, listing the jobs being held up beeeuse of « lack of toola, 
This report is subeitted weekly, and ite informtion is derived from the 
data gathered on the dally floor checks, 

The flow of information inte, the originated forms, and the 
forms departing from the Unit are shown in the diagraa below, 
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The Gost Control Unit 

The Cost Control Unit records the coumitment and expenditure - 
j of funda for the varlvus productive projects, and anclyzes estiaates 
and expenditures to ald ta locating diserepancies, The overhead budget 
STM dh Tadesteteh Depeetennt to ripened bythe Gost Gontwed Baits 
The Job Order Gost Control Resord, Figure 2, is maintained 
‘by the Unit, information being transferred to this revord from the Stub 
Requisition, Purchase Orders, Public Vouchers, and Closed Shop vrder 
Tabulatt ons. This record is on aceumulative finenelal meet giving 
the amount of funie aveallable, the amount expended to date, and the 
emut remining for the job. Also shown ia the variances between the 


estineted and the setual cost of each Job order, as well as the accume- 
——«sAated variance, 
The Request for Revision of Job Order Satinates is in the form 
of @ letter, uced to request additional funds for a job order when it 
is apperent from the Job Gmier Cost Control Record that the allotted 
funds exo not sufficleat, This reqaest is sent through the head of the 
Production Control Division to the plant's administration, 

Also in the form of a letter, the Shop Order Report is eub- 
mitted to the Cost Hatimating Unit and the Machining Division, showing 
the variation between the estimated and actual leber hours cf the shop 
order, Tile report presents variance data to be investigated by the 
Cost Eetimating Unit and the Machining Divisione Information contained 
in the Shep Order Aeport is taken from the Job Order Cost Gentrol Record, 

The Request for Station Maintenenes Punds for the Industriel 
Departwent, Figure 21, is made up by the Unit from informticn sonteined 
im the Department Budget Neport, the Leave Ansiysic Yeport, and the 
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COMMITMENT COSTS JOB ORDER COST CONTROL FISCAL COSTS 


ORD. DESCRIPTION DATE 


DATE LABOR | MATERIAL | TOOLING OTFFERENCE LABOR | MATERIAL | TOOLING TOTAL DIFFERENCE 
ITEMS ITENS ITEMS ITENS ITEMS ITEMS ITEMS | CUMULATIVE |CUMULATIVE 
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Tabulation Overhead Lebor Report. This request sonuists of estimates of 
the required overhead funds for the Industrial Department. 

The following disgram chews the flow of information ints the 
Unit, the saterial orlgineted therein, and the next destination of thet 
material. 


Stub Furchase Public . 
ieltion Umiers Vouchers 
Closed Shop Tab. Overhead Dept. Budget 


Cost Control Unit 


Shop Order Keport 


mequest for Sevision of Job Urder Istimate 
Requeet for station malatenanee funds 
Job Grder Cost Gontrol Record 


Shop ord Request for Revision of Request for Jtation 
teport Job Urder Estinate Maintenance Funds 


Soet Estimating Production Contre) Industrial Dept. 
Unit tA 4, ei 
Maoh ind: e Divs 
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The Production Stores Unit 
The Production Stores Unit composed of the Finished Parts 
Stores, Jeni-finished Parts “tores, and Rew Material and Casting Stores 
ie charged with the responsibility of receiving, storing, and Lesuing 
all production aaterial in proseas of manufacturing, This material ine 
@ludes raw stoek, purchased parts, snd manufactured perts, either semi- 
finished or finished, 

Purchased parts or rew material coming inte the Unit from the 
oupply Departaent are accompanied by a copy of a Stub Raquivition, 
Mateorisl or parts manufactured in the plant ere esecompanied by the Tele 
low Shop Urder Master Gerd from the Shop Order Kit, All ineoming 
material or parte are identified es te the project number to which they 
apply, the part number, the Stub nuaber or Shep Order sumer, depending 
on how received, and the quantity received. The mterial or parts are 
then stored in the ares allocated for that perticuler project or as dic- 
tated by the form of the material (such as raw material in big sheets), 
Taformation is taken from the Stub Requisition and the Shep Order Nase 
ter Card to record the location of the materiel on the Finished Parts 
Locator Revord, Figure 22, and to act as additional information for the 
Grose-reforence file, This information is also used to make the appro- 
priate entries on the Gommitment and Stores Record Sard, Figure 25, 
This record sets as the balance of stores ledger wed in @ large nusber 
of business concerns, The cross-refereme file spoken of la maintained 
in order to facilitate the shifting of material or parts from one pro- 
joct to ancther when applicable, However, such shifting must be sleared 
by the Expediting Unit prior to the shift, The Finished Parts Locator 


Record mentioned above is used as a means of quickly loeating any part 
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Fige 22 Finished Parts Locator Record 
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REQUIREMENTS PROCURELIENT DATA 


CUNULATIVE 
PoJeO.NO| F.L.NO. | QUANTITY she ae 
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PART NUMBER PART NAME MAXIMUM MINIMUM 
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| tored in the Unit, 

! The mjorlty of the issuing of parts end material is done on 

| quthority of the greon Shop Onder Master Card ond the transaction ts 

4 eonducted in the reverse order ae explained for ineoming parts or material. 
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PRODUCTION GONTROL PROCEDUNE FOR POSGTALE 
USE IN BAVAL SHICHE ZSTABLIGHMENTS 


Definition of Production Gontrol 
Production Gontrol may be defined as “the mente] and physieal 
techniques and procedures employed to the end that the right quantity 
and quality of a product shall be produced at the right tine by the best 
ana cheapest method s."4 
Funetions of Production Control | 
The above definitica appears in literature on the subjest of 


production control; ite interpretation, however, has extremly broad 
scope, One interpretation includes as a function of production control 
such services as the determination of the sethods of manufacture, of the 
Fequired tools of manufmeture, aud of the operation times involved in 
the manufacturing process, These functions may be omitted in another 
interpretetion, shich might inelude the determination of the routing and 
scheduling of the various parts through the plent, and of dispatching 
the work to the manufacturing divisions, 

Yor the purpose of this peper, the interpretation placed on the 
definition of production control is based upon the collective opinions 
expressed in the first six texts in the Bibliography. The suthors of 
these texte are in agreement on the first four funetions listed below, 
The fifth function, the establishment of the labor requirements of a 
plant, in not disoussed at length in the literature on production sone 
trol, Gurrent investigations of thie function relative te « production 


a a ee er a ee 27 
Bethel, Lawrence i,j Tenn, “alter Lej Atwater, Sranklin 5.; Rung, 


Bdward £.; Produetion Control, MeOraw-lilll Company, Incorporated, 
1945, PPe g. 
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| 
|  @ontrol procedure, and the advantageous results in existing production 
control departments which include this function, indieste a growing need 
for the inolusion of thie function in e production control pregedure to 
better serve the needs of the production departments, The recommended 
production control prosedure ineludes the following functions: 
ae Setablishnent of the required queatity end quality of 
material at the required time and plese; 
be Zatablishnent of the specific point-to-point travel of 
the product as 16 moves through the plant; | 
6. Ustablishzent of the specific calendar time for o given 
jet to be in a given stage of manufacture; 
4 Zatablishnent of the proeedure for releasing orders to 
the moeufneturing divisicas, and of meintaining the 
hecestary progress records of the work; 
@. Setablishment of the labor requiresets of the plent. 
Applisaticn of Predustion Gentrol 
Preoeedure to the Various Plants 

Ko production control procedure, however broad ond general in 
Goncept, cen be formulated te moet the individusl needs of a lerge 
Variety of plents, It is possible, however, to present the general 
functions of a production contre] procedure and to study these functions 
from the point of view of « specific plant's particular needs, 

A Nevel Shore Zetebliahment may exumine ita peacetime operne 
tions end find that one or more of the listed functions are not appli- 
Gable to ite requirements. On the other hend, In the event of « national 
emergency when its cperations may be vastly expanded, its peacetime pro- 
@ustion control progedures may not prove adequate. Thus an examination 
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et the functions of « production control prosedure would prove advan- 
- tageous to e Naval Shore isteblishnent for planning purposes for pleat 
expansion in times of national emergency. ; 

' A production contre] prosedure ie greetly influenced by a 
plent's type of menafecture, The three general types of aenufacture 


earried on in Naval Shore Setabdlishments can be iliustrated by the fal- 
Lowing exexplest 
a. A Navy Yard Gapitel ship overhaul activity my replace « 
boiler for om ship, end exchange the next ship's main bat- 
teries, Thie type of wrk is sometines referred to as the 
jebeahop type of menufasturs, the manufecture of noperepetitive 
vastly dissisllar products, 
j b. An avietion engine overhaul faciiity may process « vericty 
ef engines in small quantities throwh ite aieps. This 
type of wrk le sometiazes referred te as the intermittent 
type of aanufeeture, the production of a variety of eini- 
ler producte in lots of lintted size, 
@, An ordnance plast may produce one item, a fortyeaillineter 
gun, in volumes reaching the oapacity of the plent. this 
type of work ia sometimes referred to as the aontinuous, 
or mass-production type of aanufecture, the production of 
a fow similar products in large volumes, 

It le obvious thet « production control procedure must be tale 
lored to fit the type of a plant's manufacture, In the Mllowing dis- 
eussion of the resccemended production control preeedure, specific sen~ 
tion is made of the modifications asecessary when 2 function is effected 


by a plant’s type of menufecture. 
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 @ure is the personalities of the employees, ne son may be content to 
| perform « routine type job year in and year out, while another my de 


mend a more stimilating type of work which makes @ full demand on his 


f “@apebilities, A predustion control prosedure sust be geared te the ine 
 @ividuel aifferences of a plant's steff manbers, 


The factor of cost must be considered in tie seloction of a 


 -produetion control proveiure, the nunber of people employed in a pro- 


duotion control division will influcnce tho cost of the product, The 
number of employees required depends upon the services required of the 
produation control procedure, tle man-hour load these services require, 
aad the ability of the available personnel, Continuous intelligent ef- 
fort must be aade to justify the cost of the services rendered by a 
production sontrol division, The firm goal of every production contro] 
division should be a reduction of ite gosta and an improvement in its 
efficlency and in the standard of services rendered to the production 
division. 


Recomended Frodueticn Control Prosedure 
In evcordanee «ith this paper's interpretation of the defini- 
tion of production comtrol, the recommended procedure includes the funce 
tilome of the following sections: Materiel Control, “outing, Sohedul- 
ing, Dispatching, and Labor Hequirements, The following chart shows 
the functional organization of the recommended production gontrol pro~ 
Gedure: 
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trot Seetion would be rosponsible for providing the requised quantity 
ond q@ality of mterial at the required time and place. The functions 
of the Seetlon may be listed as folices: 

3. Vetermination of the required quantity of each component part 

R, Requisiticning of required mteriais on the dcte desired 

Se Maintenance of saitable aatertal reconis 

The quantity of each camponest part is deterained by the 

Material Control Unit ef the Naval Srdnance Plant, indlenapolis, from 
informetion oontained in the Parte List, the Prints, and the Gout Ustie 
mating and Seheiuilng Yorn, The Unit estimstes sorep and losses and 
fasues the Production Byreakdcun Sheet, the sutherity to saenufacture a 
specific quantity of o component part, This prevedure ie recomended 
for uve in Naval Shore Sateblishnwente such as Savy Yerds and aviotion 
engine cvorheul activities, stebliahmectse engsged in mage production, 
augh a9 on ordnance plent producing solely fortyemililaster guns, my 
modify the above procedure in view of the faot thet the initiel deter 
Mination of the required quantity of a component port will not change 
without e major elteration in the production foliities or in the pro« 
Guet. Thus, while the prosedure for detemining the quantity of a 
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| gomponent pert aust be felicwed once, this function ia sot a recurring 
| one in the forty<illincter ordnance plant os {¢ fe in « Navy Yard or 
“dees engine overhaul activity. 

me Meterial Control Unit requisitions the required materials 
“for the required delivery date by Laouing a obit Requisition to the Sup- 
ply Departnont, The Stub Requisition asy cover either meteriale in the 
Supply catalogues, or mterlale to be purchased from civilian sources. 
| The Unit eeoomplishes the sereening of the avaliable materials in the 
, Supply Department by the use of the Firm Requirement sad Obl gation of 
Material form, This procedure is recommended for all Naval Shore Esta- 


Mi: 


blishments, «ith special attention being given to the close cooperation 
between this function sad the Supply Department. The time clement bee 
tween the requisitioning end the receipt of the anteriale is « vitel fue 
tor in every industrial astivity, It should be the goal of both the 
Material Control Seetioan, in its funetion of requisitioning the required 
materials for the required delivery date, and of the Supply Department 
to reduce this time element to a miniaum aongistent with eeonemis face 
tors. 

The Material Control Unit is supplied with all Supply cata- 
logues, which inform the Unit of the stendeni stoek items avallable from 
the Supply Department. It fe the opinion of the author that this infor 
mational dute aust be madily accessible to the Aaterial Control Jeetion 
of every Navel Shore Setabl ishment. 

The following diegram shows the information What may be ree 
ecived by, formulated in, and sent from the reeommended Material Control 
Seetion. 
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Parts List List | Prints | Gost Estimeting and 
i Scheduling Form 


Recommended Material Control Section 


1. Production Breakdown Sheet 
2. Stub Requisition 
3. Firm Requirement and Obligation of 


erta® Porn 
4, Supply Catalogues (access to) 


Stub Production Firm Requirement and 
Requi sitions Breakdown Obligation of 


Material Form 


The Recommended Routing Section. The recommended Routing Section would 
be responsible for determining the point-to-point movement of the pro- 
duet through the plant, from the raw material stage to the finished pro- 
duct. The Section may also issue forms necessary for the compilation 
of data for each operation, and furnish pertinent tool information to 
the Tool Crib. The functions of the Section would be as follows: 
1. Determination of the point-to-point movement of the product 
through the plant 
2. Issuing of the forms for required data for each operation 
3. Issuing of the forms for the release of tools to the operator 
These three functions are performed by the Shop Scheduling 
Unit of the Naval Ordnance Plant, Indianapolis, by the issuing of the 
Shop Order Kit, which consists of nine or mre colored IBM ecards. The 
routing of the product through the plant is done in terms of Machining 
and Assembly Units. Thus, a component part my be routed from the Heavy 
Machining Unit to the Plating, Painting and Heat Treat Unit, then to 
Light Machining Unit, next to Inspection, and finally to the Production 


Stores Unit. The routing is based upon the method of loading the shop 
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- ehten is on a man-hour basis by Machining Valitse. ‘the reason that the 
‘Naval Ordnance Pient, Indianapolis, uses this aethod of losding ts that 
the available menehours of lebor is the limiting facter in the plent's 
| produstive capecity. The Shep Scheduling Unit acintains a load chart 
a) terms of man-hours for saeh Mechining Unit. The purposes of the load 
| (i chart are to present the current work load of the plont ond to indieate 
where new work aay be adieds Tho load chart peraits oyul table distribu 
| tion of the wrk load and indicates over or under usage of a Unit. 

| When the Shop Order Kit is received by the Heed of o Machining 
* , Unit, he assigns the job to a specific employee and « specific machine, 


fc Thus, there are two types of routing accomplished at the plant, the 
4 gmeral routing by Sachizing ond Assetbly Unite originated by the Shop 
Sehedule Unit, and the designation of the speaifie eapleyee end machine 
by the Sead of the Ssehining or Assesbly Unit, 
In Neval chore Sstablishwents, auch as Nevy Yerds ond eviation 
engine overhaul activitios, whose productive capecity moy be limited by 
the aumber of employees, the routing presedure used by the Neval Ord- 
name Plent, Indienspolis, ie reccmmended, In other Seteblishments 
whose productive sepasities are limited by the equipment available, the 
routing procedure should be based om the capabilities of the equipment. 
Thus, « losd shart wuld be maintained in terns of machine hours, end 
the routing wuld be sesomplished in terms of specific machinos, in 
this way, s component pert mey be routed through the plont from specific 
machine to specifle machine, based upon the information avalleble from 
the machine load shart. 
A few Reval Shore Sstablishnents may find thet thelr limiting 


productive fector fluctuates, There may at times be an excess cf machines 
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end « Limited number of employses, and a short tine later, this situa- 
$100 might reverse itself, with a higher celling on employment, so thet 
the equipment evalleble would become the limiting feetor of the acti- 


vity's capacity, Such a change in the basie pringiples on which @ rout} 
ing procedure 16 founded necessitates o flexible progedure capable of 
being adapted to changing conditions, 

The reoosnended Produsticn Gontrol proeedure for an ordnance 
plant producing selely forty-millimeter guns would not include the 
funetion of rutting, since the polateto-point scvement of the product 
through the plent is deterained during the iaitiel establishment of the 
produetion Line. 

The forne for gthering the data for each operation and for 
the mlease of tools to the operator are included in the Shop Order Kit 
gt the Naval Ordnence Plant, Indianapolis, The brown card ie used for 
- @bteining the necoasery tools; spsees for such ta ac pert identifiea~ 
tion, quantity, aecount number, material specificstion end quantity, 
satisfactory pleses and rejects, otc., are included on the shop order 
sards, Thig procedure is recommended for use in the Routing Seeticas 
of Kavy Yerds ond avicstion engine overhaul aativitios, This function 

fa not deemed necessary in a maseepreducing orisanee pleat. 

In the following diagram, the informetion that aay be ree 
eelved by, originated in, and forweried fran the recomended Routing 


Seetion ts show. 


= 


J" = 


le eyo” 


Ve, a ake 


“sonantes ne ot exatesona int te ne 
edt wheiant too Sloow eawy wtrmiLiteeyswt ybeloe y 
| Penbom, ell? to ¢neaevan tntoquot-onted eat wendy atttne Yo 
aie YO Pasmdatidutes Lateral ads anitsd beatetetes ot sete ott 
it yinoke silt sy tee li gmme aabteon to any cei mengs 
owt bas aslieueqe dbe0 TO? aBad acd edbenstly or enben bene 
#2 cob qodt ods nt Hobeteal ere toser0qs Hdd 90 Lore 26 onan lets 
oR bene ct inne awond os? se Uloann a tank wt anbsd cant oat 
“whORbiagh. 41a a8 dab dome iat wesaqe pelous ‘yromecea ond gutats 
(ewan baw rabdoorstoege Latredem «redava dnuscen « 
Bebio quite exe 0 Debalead rn veets ienidn,pirtenaa 
ceoNewt gabdvas 92 st eeu a2 Sebnaamcoe: ef ewhevorg ald? ae 
‘molteuds ale yotetvites Luedreve ony solisiva foe net et 
 etinake eeaanito galonborg-senm 9 al cmindoon honed ent 
aot od You Jace colvemtotal edd exert gabwokiot off aD i oe 
SAllysh Sebaanawoet O63 mov Sotewwtoy fam .0? bedaaigtvo «yd BevIEs iv 
| etrods al sohteet 


Apes coed , matl ghs | i colmeem | 


we pila ded ady 
etx 


P 
e 


aoe Tat of is By 


— 
we 


ec a. 
=- + 


a - 


= 


s 
7. sts 


B. 
pe 
ee ag = 


yt . o's & uty 


would be responsible fer fitting specific jobs inte a general tine~ 
teble. The Seotion wuld determine the calendar detes for the various 
jobs to conferm with the committed delivery date of the Mnished product. 

Phe functions of the Seheduling Section wuld be the tasuing 
ef the forking Sehedule, 

The seheduling function is ecocmplished at the Naval GCrdnance 
Plent, Indianapolis, by the Projeet Scheduling Unit, the Shop Scheduling 
Unit, end the Heed of a Machining Unit. The Projeet Seheduling Unit 
Plens the overwall plant schedule in the form of the Porsonst of Prodwe- 
tive Labor, a chert projecting eighteen months into the future showing 
the production lcad in menehcurs by divisions, Individual projects are 
scheduled for completion by months on the Cost Astimating end Sohedule 
ing form. From thie form, individual essesblies sre ccheduled for com 
pletion by months on the Intemal Schedule Form, 

The Shop Scheduling Unit reesives the Internal ‘chedule Form, 
amd from the informetion contained therein, schedules the completion of 
sompenent parts by aenthe on the Shep Créer Ait. As was discussed pre- 
viously in the discussion of the reeommended Routing Seation, the Unit 
maintains a lead chart in tems cof man-hours by Machining Unite for the 


purpose of schediling new work to the Machining Unite, 


Tee ee adjadaidatdicaiadiiiaciaaaiiebe’ c nity Boge a 
o> Mend Rot taakt eke serene 

Dp cae oe eT PEF aT ES SORE ene HE Gaeta 
($k2 xebyd , OE Wo a0 a ed basta 

* apenas PP ee PrgePe hag, ssa aah ane dhe bars bbhnsewenare wat 


nee Foe Caw a very Ms fe PLA EMSS 


aha a Bead eb ATR 


sine snes acid ae nen Kae th wit F 44 hy deat Pe te “ead ete Th “yeh WEL. oe | oa ars! 

awolaeY edt WA wotab rahaoine odd walrnsted Slaw xo}ten aff doe M, 
a ker Deewie Piteen Late ind wele seevet beetteremee €f ‘ote Go wee. eal ae 

stonbeuq Kodglalt edd ie tab Wer lies bodilomoo off di lw ont stele . 
afta i We 

galuwa! eds od blow nettoet yalfubedes add Yo anolsoan ef? Pe 
Seek ye ee Chae VID Bly Ga? “A Mestik: vet rte aga" eR ; 7, 


eee eet 


25 HIG Ha adit ae fesse Xi: } of eebapiees ina’ oo ele Yo saat 


eon onbs dawet ode aa be daliqnoses wt crete yalivbedoe edT tes 
oy “tees ees Bh J& ike mak kel peak? ee nee? toe one | 
walls beats gost ode ‘tat gallvbede? goetort ow ya +8 Mogens thal 
aiid xu ? ‘Sem al Op at # "% be 3 v Hiz: 7 oes. re» a Pein “Bey tran} tS 2 at 3h) at 


*- 


~evsori <7 savers ade % wero ode al otub wien tase Ho-eeve Sele 


ba Bn sna es eh af 4 tt 4 3 ag ae OL 


atwost win one tat adeaon aves date sal seolow tues. “ sg 
; Gk Gee Lea ae : ae ee 


ages BaP ig Oe k 


oe , etoetone Soubty Baa “eaaote brid X4 eusodamoa al book eee 


sae tahtitad Oise aoe ee 2 a) le 


ofsbedet bas aah imataes toot was ao rata ve acltesance 108 8 


pena oars 


shal gat iubodst seobon’ ad? ‘Ahail yatatdoait » 20 tot od bo ott 
aha ei 'iegi 8 bs fe Fy nts SeameeSe Rap 


- Syhar * : 
“G39 363 belubedey ore aot ideeens Laudivibat m8 eas aor pre weak 


et 


sarc tabasee Lemosat nai ae eas non we ae ; 
‘s a +8 Pisin . a ~hty’ 


an outed leada meid sevi soe ‘gat pallvbedse ote oft ——° 
te subsskente aad ge lubadee etlewdds bealatooe molto tal ed? sort eal 
~omy bowewooth cow es .014 refx god edt ao edi mom Y¢ aixag sannogmos 
tha eft ,aoldoet paltswol bebnonmoow: edt Yo acleawouls ols at ylazolv 
aig toh stia’ gatahsoctt id exved-gem to amet al teado beol a waladaten | 


stlal galaldesd ed¢ of ties wen galichedoe Io escquyg 


- fMhe Head of a eshining Unit receives the chop Onder Kit witch 
- ae boon asheduled for completion by an indicated sonth, He establishes 
. the sequence of the Shop Order Kite in» way best sulted te mest the 
comaltted completion detes, and lesues the “hop Order Kite tw the ma- 


The above scheduling procedure includes fuactions which may . 
 tavolye a “roduction Planning Divielon, In those Savol Shore Getabliahe 
ments whose organizational struetuze combines the functions of Produse 
ton Planning with those of Produetion Control, the acheduling proces 
dure outlined above is recommended for use, Cther Sstablishments, who 

s @eparate the Production Flaming functions from the Production Oontrel 
functions, my consider the over-all schedule accomplished by the Pro@ 
jeot Schedule Unit ss a function of the Production Plenning Division, 


ee ie oe 


The Interne] Sehedule of the Frojeet Seheduling Unit, the coapletions 
dates indicated on the Shop Order Kits as sascomplished by the Shop Sshe- 
dGuling Unit, end the errangenent of the sequence of the Shop Order Mita 
es done by the Head of « Machining Unit, may be considered functions 
of the production Gentrol Division, For the purposes of this paper, 
these functions of the Produetion Gontrol Division would be aetomplished 
by the lovusnee of the Yorking Schedule. 

The remarks in the reeoamended Routing ‘ection diseussion cone 
Gerning the type of loading employed im a plant also apply to the recon~ 
mended Scheduling Seation, since thease twe sections are closely related, 
The recommended “sheduling Seetion would maintain a suitable plant load 
chart similar to thet used by the Houtlog Sestion, The Scheduling “eo- 
tions loed shart, however, hee calender dates, shereas the Routing 


BSeetion’s load chert hae only pericds of time, Thus, in a given period 
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ef tino, the jobs for 4 particuler wort stetion would be deterained by 
the Routing Sestion, but the priority of the jobs end the sequence In 
whieh they are to be accomplished by the wrk station are determined by 
the “Soheduling “eotion, ‘This data i tranesitted to the shop in the 
form of a working Schedule. 

for use in an ordinance plant producing wlely fortyeai li ineter 
gune, the funetions of seheduling 1s sesomplicshed in the initial este= 
biishaent of the production line, sines the machine mites are set for 
the desired production rate. 

The disgran delow ahows the information that my be received 
ty, origineted by, and sent from the recommended Seheduling Section. 


Recommended Jeheduling Seetion 


l. Galender Dated Plent Load Chart 
& Working Schedule 
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Sggtion, The recomended Dispetehing See- 


tom would be the ation clonent of the Production Control Division, 


and the mesns by whieh authority te relessed te the shop for the accom 


 ‘Ateted ast 


plishment of the routed snd eeheduled eperations, 
The functions of the recommended Diespatehing Section say be 


L Releasing materials end work orders 
2, Reporting on the progress of jobs 
The function of releasing materials and work orders is sccome 


, plished at the ‘eval “rdmance Plant, Indianapolis, by the Dispatching 


Unit, ‘The Unit has e series of pocket boards which are arranged by 


5 Machining Unite and months, Whea the Unit reeeives the shop Grader Kit, 


} 


the green material requisition card is renoved from the kit, and the kit 
placed in the proper poeket. ‘The Heed of a Machining Unit collects the 
kite for his unit from the pocket boerd, arranges the sequence of jobs, 
and gives « Shop Order Kit to the operator, the cperetor presente the 
Ghop Order Kit to the Dispatehing Unit, reseives the meterial requisi- 
tion card, draws the material, end begins the job, hen the operations 
gche@uled for a Machining Unit are oompleted, the work plece and the 
Shop Order Hit are returned to the Dispatching Unit, The Unit then 
places the “hop Order Kit in the pocket board of the next scheduled Mae 
Ohining Unit. This procedure te repested until the job is completed, 
at which time the Shop Order Kit is closed out and the yellow mater 
Gard returned to the Ghop Seheduling Unit. This procedure works well 
at the Naval Yrdnance Plent, indlenapolils, where approximately eighty- 
five percent of the work on one component part is secomplished by one 
Meohining Unit. 
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‘fn Nevel Shore Establishments whose product must be processed 
2 several shop units, the recanasnded proveiure for the release 


t, Indianapolis, proeedure. ‘The reecwmended procedure would follow 
provedure until the part is ready for work in the next shop 
unit, At thie time, the next shop usitiwould be indieated on the Shop 
Rie Wid, on tho matertel endive would twmnapert the job and Shep 


| | of the move. This information would permit the Diopetehing Sestion to 
) 

_ Ghange the file curd of the Shop Order Kit to the proper location in the 
f pockes board. It would also prevent the loss of time, the double seter- 


fm hendling, ead the congestion of traffic In the visinity of the Dis 


‘ 
> 


: petehing Section which would result from the use of the avel Ordnance 
‘Plant, Indianapolis, proeetuze in planta whers « component part aust be 
processed coveral times between wartous shop groups. 

In @ Reval Shore Establid:ment such as an ordnence plant pro- 
duging solely forty=millimeter guns, the recommended Dispatehing Seetion 
would not be imvolwed in the daily reutine of releasing materials and 
work orders, since this funetion would be accomplished when the produce 
tion line was Mitinliy established. The function wuld be performed 
only for « change in the product or a change in the equipment ef the 
production line, 

The Dispatching Vait of the Naval “rdvenes Plant, Indiemepelis, 
weeorde and reperts the progress of jobs on the Diapateher's File Card. 
Thie is the white card of the Shop Order Kit, then the Shep Order Kit 
ie yvemoved from the pocket board in the Dispatching Unit, the Diapateher's 


File Gard remains in the pocket board to indiecete the location of the job. 
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jal thos , the Unit makes a datly floor check of the shop, recording 
AA Ae Gills fo Chih tatemmatbun Lo. trenatenees to tho Dis» 
8 File Card, “Thus, the Dispatching Unit sainteins a surrent 

record of the varlous Jobs in the shop. The provedure at the 

Ordnance Plent, Indianapolis, also includes the recording of the 
# for which a Job is being held up. These reasons may include a 
| yo of tole or « machine breakdown, The shortege of mterinle ts 
ented froa occurring prior to this stage of prosesing by another 


The recommenéed Dispstehing Seetion for Kevy Yards ond estivie 
as an eviation engine overtisul shop would follow the Navel 
Opdnene Plant, Indienapelis, procedure for reeording and reporting the 
pl of Jobs, The tnoluston of certein diffioulties such es mater~ 
ihe ‘nd tool shortages, and aachine fellure may or may not be included 

| fis the perforsance of this function, depending upon the method of 

' Didintes theas problems in the Individual Esteblicbments, 

’ In an ordmenee plant producing solely forty<aillineter guns, 
eae Teoommended Oiepatching Seetion would entail oniy the recording and 
ete. of the daily production for the purposes of determining if 

v the established mites of production were belng asinteined, 

In the follewing diegram, the information that may be received 


by, originated in, end forwarded from the recommended Dispatching Jee~ 
tion is shown. 
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Recommended Dispatching Jeeticon 


ze Dispeteher*s File Sard 


quirenents Seetion would be responsible for the detersination of the 


plent*s productive laber requirements, 
The functions of the Sestion may be listed aa: 
le The determination of tnter-divisional labor tranafers, 
@ The deteraination of adjustments in the Plant's labor foree, 
These two functions ere secomplished by the Yrojeot Seheduling 
Unit at the Savel Srinance Plant, Inilanapolis, The Unit preperes the 
Forecast of Productive Labor Chart which is an over-all plant schedule 
im mane-hours extending eighteen months in the future, Sy comparing the 
aValleble sen-hours of leaber with the requirements in man-hours of labor 
as indicated by the chart, tho Unit recommends either en inter-divisional 
transfer of employees, or en adjustment of the plant's labor forse, or 
both. The resonmendstions sre in the form of a letter, the Monthly Mon 
Load Samary, whieh te eubaitted through the Mead of the Produetion Gone 
trol Division to higher suthority for action, 
In Navy Yards and aviation engine overhaul activities were 
the plant mey be loaded on the aan-hour basis, the above prosedure is 
reoomaemied, In Establishnents whose labor requirssents are eubject to 


extreme fluctuations, s refinement is the Nueval Ordnance Plant, 
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8, procedure may prove beneficial, This would be the aninten~ 

a asnchour load chart by Job classification, The factor of cost 

\ "of staff personne] to seintein such « detatled chart must be wighed by 
eh individual activity seatost the advantages such « shart aight af- 


In Nevy Yards and aviation engine overteul activities whore 
ti ‘plant is losded on e mechine-hour basis, the recommended Labor Reo 
ste Seetion would meintain « man-hour loed shart for the various 
| montane emus From the inforsstion available fron the chart, the 
i ‘Seotion would rescnmend the intergroup trensfer of personnel and the 
y atenmss of the aetivityts labor force. 
In an Ordnance plent producing solely fortyenill incter gms, 
af the recommended Lebor Requirements Jeetion would not be involved in the 
: extensive proceiures cutlined above. Normally, the labor requirements 
of # production line ere relatively conatant, In sme cases, however, 
when the line te cperating at a reduced production rate, the Seotion 
would determine and recoumend to higher sutherity the labor requirements 
for portial operation, sash as one-half or three-quarters of the full 
production rate, I% would not be necessary for the Seetion to maintain 
& man-hour lead chart, 
The following diagram shows the information that may be re- 
@etved by, originated in, end sent from the recommended Labor Require- 
mente Seetion. 
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| |A@moselyz. ported) (M-day period) 
Reeommended Labor Requirements Jeet ion 


lL, Mainteins Menehour Losd Chart 
2. Interegroup Personnel Trmasfer Report 
Se Adjustments of Lebor Poros Aeport 


Inter-Group Personne Ad faatments of 
Treasfers ieport Labor forse Report 
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The production control procedure used at the Navel Ordnance 
it, Indienapolis, Indians, nay be adapted with modifieations for use 


the functions of materiel control, routing, scheduling, dispatohing, and 

‘the determination of lebor requiresents, 

the production contrel procedure recommended for use in Navy 

aviation engine overhaul activities, ani ainilar activities is 

The recommended Aaterial Control Seetion would function 

slong the general lines of that at NOPI, 

4 & The recommended Kouting Section would function as dces 

MOPI's for those Ssteblishuents whose productive capacity 
is limited by @ personne] ceiling. in other Establish- 
ments were aveilable equipment ia the Limiting faetor in 
produetive capecity, the recomuended outing Seetion would 
bawe its operations on the avallable sachine capeoity. 

3. The recommended Scheduling Jeetion would be based on prine 
@iples similer to those for the recomended Muting Jec- 
tion, Som Ustablizhnents may delegate the responsibility 
of preparing the over-all sebedule to « Production Plan- 
ning Divicion, leaving the responsibility of preparing the 
dotelled schedule te the Production Centrol Division, 

4 The recommended Ciapatching Section would operate in a 
gamer similar to the procedure used at HOPI, with the 


possible modification of changing the flow of work between 
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Biitemcensor with the possible modi fleation of 
Aseluding the @lenent of job elassifiention in the man 

, 1 mewn, 

_ ‘The production oontrol procedure recommended for use in an 

nee plant producing solely fortyeniliineter guns end sintisr masse 

@uging Haval Shore igtedlishnmnts ts summerized below: 

: ih The recomended laterial Jontrel Seotion would perform 

the functions of the Seetion for the initial establise- 

ment of the produetion line, end for major changes in 

@quipaent and product, Otherwise, the Sestion sould not 

be involved in day-to-day procedure used at HOPI, 

The Establishwenta would not need Routing and Sehedul- 


; oe” 3 y 


ing Seotions, since the functions of these seetions 
are fulfilled in the egtablishsent of the production line, 
The recomended Dispatehing Sestion would involve only a 
simplified proceedure of recording ond reporting the daily 
4 production, 
+ 4. The recommended Labor Requirements Jeetion would perform 
; the functions of the Section for the initial establi she 
7 ment of the production line, end for sajor ehenges in 

| equipaent and product. Otherwise, the Seetion would not 
4 be involved in the dey-toeday procedure used at HOPI, 
, 
“| 
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